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Sulfate



Sulfate Groundwater

 Trends

USGS	43.772528988061772	43.772528988061772	1	2	3	867	835	790	Astro Chem	4	5	496	589	ND Dept of Health	6	7	8	9	1780	121	970	914	Xenco	10	11	12	13	14	681	903	982	3520	156	Expected based on USGS	4	5	6	7	8	9	10	11	12	13	14	753.67	715.17	676.67	638.16999999999996	599.66999999999996	561.16999999999996	522.66999999999996	484.16999999999996	445.66999999999996	407.16999999999996	368.66999999999996	mg/L



Hardness



Hardness Groundwater Trends

USGS	601.48155013916744	601.48155013916744	1	2	3	1300	240	840	ND Dept of Health	6	7	8	9	2230	384	364	465	mg/L



Chloride



Chloride Groundwater Trends

USGS	2.057962183767069	2.057962183767069	1	2	3	5.8	7.9	Astro Chem	4	5	4	4	ND Dept of Health	6	7	8	9	20.2	3.65	5.9	4.9400000000000004	Xenco	10	11	12	13	14	41.9	55.9	5.99	mg/L



Diss Solids



Dissolved Solids Groundwater Trends

USGS	523.14682407194573	523.14682407194573	1	2	3	1460	2380	1840	Astro Chem	4	5	2468	2369	ND Dept of Health	6	7	8	9	2860	435	2380	2380	Xenco	10	11	12	13	14	2160	2090	4880	408	mg/L



Magnesium



Magnesium Groundwater Trends

USGS	1	2	3	32	100	Astro Chem	4	5	1	44	ND Dept of Health	6	7	8	9	347	42.1	45.6	56.4	54.6	Xenco	10	11	12	13	14	54.6	44.9	38	mg/L



Sodium



USGS	1	2	3	788	330	Astro Chem	4	5	740	512	ND Dept of Health	6	7	8	9	81.099999999999994	10.7	744	696	Xenco	10	725	mg/L



Conductivity



USGS	1	2	3	3430	2530	Astro Chem	4	5	2794	2758	ND Dept of Health	6	7	8	9	3200	717	3280	3250	

Potassium



USGS	1	2	3	6.8	9.9	Astro Chem	4	5	7	15	ND Dept of Health	6	7	8	9	12.6	8.9	8.8000000000000007	8.1999999999999993	Xenco	10	7.95	

Bicarbonate



USGS	1	2	3	693	1290	Astro Chem	4	5	1172	1074	ND Dept of Health	6	7	8	9	600	329	1092	1220	

Iron



USGS	1	2	3	0.02	6.7	Astro Chem	4	5	0.6	0.1	ND Dept of Health	6	7	8	9	3.7	0.57999999999999996	1.24	28	Xenco	10	6.55	

Calcs



												General 														Cations																										Anions										Other

				Sample Number		Date		Agency		Notes		Resistivity (Ω m)		Conductivity (μmhos/cm)		Alkalinity as CaCO3 (mg/L)		Hardness as CaCO3 (mg/L)		pH		Diss. Solids (mg/L)		Sodium Chloride (mg/L)		Calcium (mg/L)		Magnesium (mg/L)		Manganese (mg/L)		Sodium (mg/L)		Iron (mg/L)		Chromium (mg/L)		Arsenic (ug/L)		Barium (mg/L)		Cadmium (mg/L)		Copper (mg/L)		Potassium (mg/L)		Strontium (mg/L)		Zinc (mg/L)		Chloride (mg/L)		Carbonate (mg/L)		Bicarbonate (mg/L)		Sulfate (mg/L)		Nitrate (mg/L)		Ammonia (mg/L)		Nitrate + Nitrite as N (mg/L)		Langelier Saturation Index														Sulfate (mg/L)												Hardness as CaCO3 (mg/L)												Chloride (mg/L)												Diss. Solids (mg/L)										Magnesium (mg/L)												Sodium (mg/L)										Conductivity (μmhos/cm)										Potassium (mg/L)										Bicarbonate (mg/L)										Iron (mg/L)

		Well Water		1		1/22/60		USGS		48°20'26", 103°49'16" NAD27 well is 18 feet below land surface								1300				1460																																0		693		867																USGS		1/22/60		1		867						USGS		1/22/60		1		1300						USGS		1/22/60		1								USGS		1/22/60		1		1460				USGS		1/22/60		1								USGS		1/22/60		1						USGS		1/22/60		1						USGS		1/22/60		1						USGS		1/22/60		1		693				USGS		1/22/60		1

				2		5/25/66		USGS		48°20'59", 103°49'16" NAD27 well is 54 feet below land surface				3430				240		7.9		2380						32				788		0.02												6.8						5.8		0		1290		835		2.2				0.5										USGS		5/25/66		2		835						USGS		5/25/66		2		240						USGS		5/25/66		2		5.8						USGS		5/25/66		2		2380				USGS		5/25/66		2		32						USGS		5/25/66		2		788				USGS		5/25/66		2		3430				USGS		5/25/66		2		6.8				USGS		5/25/66		2		1290				USGS		5/25/66		2		0.02

				3		6/22/82		USGS		48°20'53", 103°49'26" NAD27 well is 108 feet below land surface				2530				840		7.4		1840				170		100		0.81		330		6.7						100						9.9						7.9						790																USGS		6/22/82		3		790		Expected				USGS		6/22/82		3		840						USGS		6/22/82		3		7.9						USGS		6/22/82		3		1840				USGS		6/22/82		3		100						USGS		6/22/82		3		330				USGS		6/22/82		3		2530				USGS		6/22/82		3		9.9				USGS		6/22/82		3						USGS		6/22/82		3		6.7

				4		3/12/10		Astro-Chem Lab, Inc for Oasis Petroleum		1 of 2 nearest freshwater wells 		3.58		2794						8.61		2468		6		2		1				740		0.6		0				36.4						7		0.4		0.1		4		9		1172		496		0														Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		496		753.67				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4								Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		4						Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		2468				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		1						Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		740				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		2794				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		7				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		1172				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		4		0.6

				5		3/12/10		Astro-Chem Lab, Inc for Oasis Petroleum		2 of 2 nearest freshwater wells		3.63		2758						7.71		2369		7		119		44				512		0.1		0				10.1						15		1		0		4		0		1074		589		0														Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		589		715.17				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5								Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		4						Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		2369				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		44						Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		512				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		2758				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		15				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		1074				Astro-Chem Lab, Inc for Oasis Petroleum		3/12/10		5		0.1

				6		10/21/10		North Dakota Department of Health		Field Well				3200		492		2230		7.51		2860				321		347		0.236		81.1		3.7		ND		ND		0.022		ND				12.6				0.0167		20.2		ND		600		1780				1.15		ND		0.86								North Dakota Department of Health		10/21/10		6		1780		676.67				North Dakota Department of Health		10/21/10		6		2230						North Dakota Department of Health		10/21/10		6		20.2						North Dakota Department of Health		10/21/10		6		2860				North Dakota Department of Health		10/21/10		6		347						North Dakota Department of Health		10/21/10		6		81.1				North Dakota Department of Health		10/21/10		6		3200				North Dakota Department of Health		10/21/10		6		12.6				North Dakota Department of Health		10/21/10		6		600				North Dakota Department of Health		10/21/10		6		3.7

				7		10/21/10		North Dakota Department of Health		Stock Dam				717		269		384		8.16		435				84.4		42.1		0.798		10.7		0.58		ND		5.59		0.177		ND				8.9				ND		3.65		ND		329		121				ND		ND		0.7								North Dakota Department of Health		10/21/10		7		121		638.17				North Dakota Department of Health		10/21/10		7		384						North Dakota Department of Health		10/21/10		7		3.65						North Dakota Department of Health		10/21/10		7		435				North Dakota Department of Health		10/21/10		7		42.1						North Dakota Department of Health		10/21/10		7		10.7				North Dakota Department of Health		10/21/10		7		717				North Dakota Department of Health		10/21/10		7		8.9				North Dakota Department of Health		10/21/10		7		329				North Dakota Department of Health		10/21/10		7		0.58

				8		10/21/10		North Dakota Department of Health		Barn Well				3280		891		364		7.18		2380				70.4		45.6		0.257		744		1.24		ND		ND		0.0157		ND				8.8				0.00543		5.9		ND		1092		970				0.68		ND		0.13								North Dakota Department of Health		10/21/10		8		970		599.67				North Dakota Department of Health		10/21/10		8		364						North Dakota Department of Health		10/21/10		8		5.9						North Dakota Department of Health		10/21/10		8		2380				North Dakota Department of Health		10/21/10		8		45.6						North Dakota Department of Health		10/21/10		8		744				North Dakota Department of Health		10/21/10		8		3280				North Dakota Department of Health		10/21/10		8		8.8				North Dakota Department of Health		10/21/10		8		1092				North Dakota Department of Health		10/21/10		8		1.24

				9		10/21/10		North Dakota Department of Health		House Well				3250		997		465		7.34		2380				93		56.4		0.171		696		28		ND		6.31		0.013		ND				8.2				0.0262		4.94		ND		1220		914				0.836		0.1		0.46								North Dakota Department of Health		10/21/10		9		914		561.17				North Dakota Department of Health		10/21/10		9		465						North Dakota Department of Health		10/21/10		9		4.94						North Dakota Department of Health		10/21/10		9		2380				North Dakota Department of Health		10/21/10		9		56.4						North Dakota Department of Health		10/21/10		9		696				North Dakota Department of Health		10/21/10		9		3250				North Dakota Department of Health		10/21/10		9		8.2				North Dakota Department of Health		10/21/10		9		1220				North Dakota Department of Health		10/21/10		9		28

				10		11/29/10		Xenco		Well Water						920										80		54.6		0.184		725		6.55		ND		ND		ND		ND		0.183		7.95				0.065		ND						681																Xenco		11/29/10		10		681		522.67				Xenco		11/29/10		10								Xenco		11/29/10		10								Xenco		11/29/10		10						Xenco		11/29/10		10		54.6						Xenco		11/29/10		10		725				Xenco		11/29/10		10						Xenco		11/29/10		10		7.95				Xenco		11/29/10		10						Xenco		11/29/10		10		6.55

				11		6/8/11		Xenco		House Well												2160						44.9		0.107								ND		ND		ND						1				ND						903																Xenco		6/8/11		11		903		484.17				Xenco		6/8/11		11								Xenco		6/8/11		11								Xenco		6/8/11		11		2160				Xenco		6/8/11		11		44.9						Xenco		6/8/11		11						Xenco		6/8/11		11						Xenco		6/8/11		11						Xenco		6/8/11		11						Xenco		6/8/11		11

				12		6/8/11		Xenco		Barn Well												2090						38		0.214								ND		ND		ND						1.19				41.9						982																Xenco		6/8/11		12		982		445.67				Xenco		6/8/11		12								Xenco		6/8/11		12		41.9						Xenco		6/8/11		12		2090				Xenco		6/8/11		12		38						Xenco		6/8/11		12						Xenco		6/8/11		12						Xenco		6/8/11		12						Xenco		6/8/11		12						Xenco		6/8/11		12

				13		6/8/11		Xenco		Field Well												4880																														55.9						3520																Xenco		6/8/11		13		3520		407.17				Xenco		6/8/11		13								Xenco		6/8/11		13		55.9						Xenco		6/8/11		13		4880				Xenco		6/8/11		13								Xenco		6/8/11		13						Xenco		6/8/11		13						Xenco		6/8/11		13						Xenco		6/8/11		13						Xenco		6/8/11		13

				14		6/8/11		Xenco		Stock Pond												408																														5.99						156																Xenco		6/8/11		14		156		368.67				Xenco		6/8/11		14								Xenco		6/8/11		14		5.99						Xenco		6/8/11		14		408				Xenco		6/8/11		14								Xenco		6/8/11		14						Xenco		6/8/11		14						Xenco		6/8/11		14						Xenco		6/8/11		14						Xenco		6/8/11		14

		Creek Water				7/8/81		USGS		48°17'04", 103°34'21", drainage area 775 square miles								440		8.4						61		70		0.02		410		40												14						7		10		835		620		0.23				0.01

						10/14/80		USGS		48°								250		8.3		522				56		26		0.05		75		1.4				0.004				0.002		0.01		3.9				0.03		13				196		230		0.01		0.01		0.01																								Mean		793.3333333333										Mean		6.85										Mean		1893.3333333333								Mean		66										Mean		559								Mean		2980								Mean		8.35								Mean		991.5								Mean		3.36

						9/14/10		Astro-Chem Lab, Inc						2394				920		8.32		2313		19		128		146				388		0.1												16						12		3		427		1193		0																		Mean		830.6666666667								Std Dev		531.5386470741										Std Dev		1.4849242405										Std Dev		462.313025269								Std Dev		48.0832611207										Std Dev		323.8549057834								Std Dev		636.3961030679								Std Dev		2.1920310217								Std Dev		422.1427483684								Std Dev		4.7234732983

						2/28/11		ARS International 																																																																						Std Dev		38.6824680357								alpha		0.05										alpha		0.05										alpha		0.05								alpha		0.05										alpha		0.05								alpha		0.05								alpha		0.05								alpha		0.05								alpha		0.05

						5/26/11		North Dakota Department of Health		Creek at 48° 20.149' N, 103° 49.760' W				1370		197		621		6.82		955				105		87.2		0.375		75.5		1.04		ND		ND		0.118		ND		ND		10.8				0.0131		24.8		ND		241		531				ND		ND		-0.71												alpha		0.05								n		3										n		2										n		3								n		2										n		2								n		2								n		2								n		2								n		2

						6/6/11		Xenco		West Field Creek																																										25.6						363																				n		3								Confidence		601.4815501392										Confidence		2.0579621838										Confidence		523.1468240719								Confidence		66.6387754744										Confidence		448.8317524597								Confidence		881.983793043								Confidence		3.037944176								Confidence		585.0492493852								Confidence		6.5462797084

						6/22/11		Xenco		SW1 Creek - North of house																																										12.5						1350																				Confidence		43.7725289881

						6/22/11		Xenco		SW2 Creek - Behind Well																																										ND						1850

						*note: Williston, ND is located at 48.16°N, 103.64°W





Missouri River Data

		Date				Specific Conductance (uS/cm)		pH		Bicarbonate (mg/L)		Carbonate (mg/L)		Diss. Solids (mg/L)		Nitrite (mg/L)		Nitrate (mg/L)		Nitrate + Nitrite as N (mg/L)		Hardness as CaCO3 (mg/L)		Calcium (mg/L)		Magnesium (mg/L)		Sodium (mg/L)		Potassium (mg/L)		Chloride (mg/L)		Sulfate (mg/L)		Arsenic (mg/L)		Barium (mg/L)

		1/21/81		1		800		8.3												0.18		270		63		28		73		4.7		13		240

		2/11/81		2		750.00		8.1								0.01		0.12		0.13		300		71		29		79		4.1		12		250

		3/10/81		3		780		8.2								0.01		0.03		0.04		260		61		26		73		3.8		15		240

		4/14/81		4		840		8.2								0.01		0.01		0.01		260		61		27		87		4		13		250

		5/13/81		5		650		8.2								0.01		0.12		0.13		200		49		20		53		3.6		8.8		160

		6/10/81		6		460		8.1								0.02		0.14		0.16		150		37		14		34		2.7		5.9		120

		7/15/81		7		570		8.1								0.01		0.01		0.01		180		44		18		51		3.5		7.6		160

		8/12/81		8		700		8.2								0.03		0.14		0.17		230		55		23		61		4		10		200

		9/16/81		9		690		8.5								0.01		0.03		0.04		250		58		26		65		4.2		9.4		200

		11/17/81		11		730		8.4								0.03		0.11		0.14		260		60		26		78		3.8		11		220

				Mean of monthly discharge		Mean of monthly gage height

		1		10000		17.87

		2		11200		18.62

		3		18500		18.21

		4		21800		16

		5		25400		16.35

		6		47400		18.53

		7		30400		18.45

		8		18800		16.68

		9		18000		15.53

		10		18700		15.71

		11		14200		16.07

		12		10300		17.49



Sulfate Creek	1	2	3	4	5	6	7	8	9	11	240	250	240	250	160	120	160	200	200	220	Hardness	1	2	3	4	5	6	7	8	9	11	270	300	260	260	200	150	180	230	250	260	Specific Conductivity	1	2	3	4	5	6	7	8	9	11	800	750	780	840	650	460	570	700	690	730	Month

mg/L

Calcium	1	2	3	4	5	6	7	8	9	11	63	71	61	61	49	37	44	55	58	60	Magnesium	1	2	3	4	5	6	7	8	9	11	28	29	26	27	20	14	18	23	26	26	Sodium	1	2	3	4	5	6	7	8	9	11	73	79	73	87	53	34	51	61	65	78	Month

mg/L

Chloride	1	2	3	4	5	6	7	8	9	11	13	12	15	13	8.8000000000000007	5.9	7.6	10	9.4	11	Potassium	1	2	3	4	5	6	7	8	9	11	4.7	4.0999999999999996	3.8	4	3.6	2.7	3.5	4	4.2	3.8	Month

mg/L

Discharge

1	2	3	4	5	6	7	8	9	10	11	12	10000	11200	18500	21800	25400	47400	30400	18800	18000	18700	14200	10300	Month

cfs

Gage Height

17.87	18.62	18.21	16	16.350000000000001	18.53	18.45	16.68	15.53	15.71	16.07	17.489999999999998	Month

ft



All Water Data



				Date		Agency		Notes		Depth              (feet bgs)		Distance       (feet home)		Methane       (ug/L		Resistivity (Ω m)		Conductivity (μmhos/cm)		Alkalinity as CaCO3 (mg/L)		Hardness as CaCO3 (mg/L)		pH		Diss. Solids (mg/L)		Sodium Chloride (mg/L)		Calcium (mg/L)		Magnesium (mg/L)		Manganese (mg/L)		Sodium (mg/L)		Iron (mg/L)		Chromium (mg/L)		Arsenic (ug/L)		Barium (mg/L)		Cadmium (mg/L)		Copper (mg/L)		Potassium (mg/L)		Selenium (mg/L)		Strontium (mg/L)		Zinc (mg/L)		Chloride (mg/L)		Carbonate (mg/L)		Bicarbonate (mg/L)		Sulfate (mg/L)		Nitrate (mg/L)		Ammonia (mg/L)		Nitrate + Nitrite as N (mg/L)		Langelier Saturation Index

				01/22/60		USGS		48°20'26", 103°49'16" NAD27 		18				-				-		-		1300				1460																																		0		693		867

				05/25/66		USGS (also 156-102-08 DAA)		48°20'59", 103°49'16" NAD27 		54				-				3430		-		240		7.9		2380		-		42		32		-		788		24		-		-		-		-		-		6.8		-		-		-		5.8		0		1290		835		2.2		-		0.5		-

				06/22/82		USGS		48°20'53", 103°49'26" NAD27 		108				-				2530		-		840		7.4		1840				170		100		0.81		330		6.7						100						9.9								7.9						790



				06/27/06		152-102-06 CCB1								-				2280		739		-		7.82		1410		-		191		76.8		0.785		200		2.5		-		-		-		-		-		12		-		-		-		12.4		-		-		305		0.09		-		-		-

				-

				03/12/10		Astro-Chem Lab, Inc for Oasis Petroleum  (ID# W-10-0580)		1 of 2 nearest freshwater wells (sec14 T156N R102W)						-		3.58		2794		-		-		8.61		2468		6		2		1				740		0.6		0				36.4						7				0.4		0.1		4		9		1172		496		0

				03/12/10		Astro-Chem Lab, Inc for Oasis Petroleum (ID# W-10-0579)		2 of 2 nearest freshwater wells (sec10 T156N R102W)				 		-		3.63		2758		-		-		7.71		2369		7		119		44				512		0.1		0				10.1						15				1		0		4		0		1074		589		0



				10/21/10		North Dakota Department of Health		Field Well						-				3200		492		2230		7.51		2860				321		347		0.236		81.1		3.7		ND		ND		0.022		ND				12.6						0.0167		20.2		ND		600		1780				1.15		ND		0.86



				10/21/10		North Dakota Department of Health		Stock Dam Well						-				717		269		384		8.16		435				84.4		42.1		0.798		10.7		0.58		ND		5.59		0.177		ND				8.9						ND		3.65		ND		329		121				ND		ND		0.7

				06/07/11		Oasis		Stock Dam 						0.8				2390		915				7.27		2350				65.3		40.5		0.233		655		0.0999												7.42								15						936



				10/21/10		North Dakota Department of Health		Barn Well						-				3280		891		364		7.18		2380				70.4		45.6		0.257		744		1.24		ND		ND		0.0157		ND				8.8						0.00543		5.9		ND		1092		970				0.68		ND		0.13

				06/07/11		Oasis		Shallow Well						0.8				3820		556				7.61		5400				302		699		0.202		156		0.212												25.3								51.1						3270



				10/21/10		North Dakota Department of Health		House Well						-				3250		997		465		7.34		2380				93		56.4		0.171		696		28		ND		6.31		0.013		ND				8.2						0.0262		4.94		ND		1220		914				0.836		0.1		0.46

				06/07/11		Oasis		Basement Well						0.8				2320		996				7.18		2310				87.4		50.3		0.117		619		0.247												7.16								6.1						886



								 

						 

								 









































































































































Oasis surf



												General 														Cations																										Anions										Other

				Date		Agency		Notes		Distance           (feet home)		Resistivity (Ω m)		Conductivity (μmhos/cm)		Alkalinity as CaCO3 (mg/L)		Hardness as CaCO3 (mg/L)		pH		Diss. Solids (mg/L)		Sodium Chloride (mg/L)		Calcium (mg/L)		Magnesium (mg/L)		Manganese (mg/L)		Sodium (mg/L)		Iron (mg/L)		Chromium (mg/L)		Arsenic (ug/L)		Barium (mg/L)		Cadmium (mg/L)		Copper (mg/L)		Potassium (mg/L)		Strontium (mg/L)		Zinc (mg/L)		Chloride (mg/L)		Carbonate (mg/L)		Bicarbonate (mg/L)		Sulfate (mg/L)		Nitrate (mg/L)		Ammonia (mg/L)		Nitrate + Nitrite as N (mg/L)		Langelier Saturation Index

				7/8/81		USGS		48°17'04", 103°34'21", drainage area 775 square miles										440		8.4						61		70		0.02		410		40												14						7		10		835		620		0.23				0.01

				10/14/80		USGS		48°										250		8.3		522				56		26		0.05		75		1.4				0.004				0.002		0.01		3.9				0.03		13				196		230		0.01		0.01		0.01

				9/14/10		Astro-Chem Lab, Inc								2394				920		8.32		2313		19		128		146				388		0.1												16						12		3		427		1193		0

				2/28/11		ARS International 

				5/26/11		North Dakota Department of Health		Creek at 48° 20.149' N, 103° 49.760' W						1370		197		621		6.82		955				105		87.2		0.375		75.5		1.04		ND		ND		0.118		ND		ND		10.8				0.0131		24.8		ND		241		531				ND		ND		-0.71

				6/6/11		Xenco		West Field Creek																																												25.6						363

				6/22/11		Xenco		SW1 Creek - North of house																																												12.5						1350

				6/22/11		Xenco		SW2 Creek - Behind Well																																												ND						1850



				*note: Williston, ND is located at 48.16°N, 103.64°W








